INTRODUCTION
Humpback whales Megaptera novaeangliae live in all major oceans worldwide and migrate seasonally between summer feeding areas in cold high latitude waters and winter breeding areas in lower latitude tropical and subtropical waters. Humpback whales were initially listed globally as endangered under the US Endangered Species Act until 2016, when they were separated into 14 distinct population segments (NOAA 2016) . While several populations were delisted, the population that breeds in the western North Pacific (WNP) remains listed as endangered.
During 2004−2006, a large-scale international collaborative study was conducted on humpback whales throughout the North Pacific Ocean, called the 'Structure of Populations, Levels of Abundance, and Status of Humpbacks' (SPLASH) (Barlow et al. 2011 , Baker et al. 2013 . Photo-identification and biopsy sampling of individual whales took place on all known winter breeding areas during 3 seasons (2004, 2005, 2006) and all known summer feeding areas during 2 seasons (2004, 2005) (Fig. 1) . At the time, known humpback whale breeding areas within the WNP included the Ryukyu Islands (e.g. Okinawa) and the Ogasawara (Bonin) Islands of Japan, as well as the northern Philippines. The SPLASH study determined that the Kamchatka Peninsula and the Commander Islands in the Russian Far East may be a primary feeding area for whales from WNP breeding areas (Barlow et al. 2011 , Silberg et al. 2013 ), but movements of some individuals between Ogasawara, Okinawa, and the Philippines and feeding areas in the Aleutian Islands, Bering Sea, and Gulf of Alaska have been documented with discovery tag recaptures and photo-identifications (Omura & Ohsumi 1964 , Nishi waki 1966 , Ohsumi & Masaki 1975 , Darling et al. 1996 , Calambokidis et al. 2001 , Witteveen et al. 2004 , Barlow et al. 2011 . Movements of humpback whales between winter breeding areas in the North Pacific are considered rare (Bettridge et al. 2015) , but a small number of individuals have been documented moving between breeding areas within the same year (Philippines, Okinawa, and Oga sa wa ra) (Calambokidis et al. 2001 , Acebes et al. 2007 ) and between years (Ogasawara−Hawai'i, Ogasawara− Okinawa, Philippines− Hawai'i, Philippines− Ogasawara, Philippines− Okinawa) (Darling & Cerchio 1993 , Salden et al. 1999 , Calambokidis et al. 2001 , Acebes et al. 2007 ). Results from the SPLASH study also suggested the likelihood of an unknown breeding area in the WNP (Baker et al. 2013 , Bettridge et al. 2015 . Humpback whales from feeding areas off the Aleutians and in the Bering Sea were not well represented on the known breeding grounds, suggesting that those individuals must be going to one or more unknown winter locations (Barlow et al. 2011 ). In addition, despite records of individuals migrating between Okinawa and Ogasawara and between Russian feeding grounds and these WNP breeding grounds (Barlow et al. 2011 , Bettridge et al. 2015 ), significant differences in mtDNA haplotype frequencies between Oki nawa and Ogasawara and between the Russian feeding grounds and these breeding grounds suggested a missing breeding ground associated with a second breeding population in the WNP (Baker et al. 2013 , Bettridge et al. 2015 . A comparison of humpback whale photo-identification catalogs from the Russian Far East (1459 individuals; 2004−2016) and from breeding grounds across the North Pacific − 2006 SPLASH) , as well as catalogs from WNP breeding grounds off Okinawa (1989 Okinawa ( −2006 and the northern Philippines (2000−2006) also concluded that there was an undiscovered breeding area in the North Pacific .
The Mariana Archipelago is located in the WNP and consists of 15 islands that stretch in a north− south arc along a distance of approximately 890 km from the northernmost to the southernmost island (see Fig. 2 ). The Mariana Archipelago is composed of 2 US jurisdictions: the territory of Guam and the Commonwealth of the Northern Mariana Islands (CNMI). While the Mariana Archipelago is documented as a historical wintering area for humpback whales (Rice 1998) , there has been no research to confirm that the whales are using the area as a contemporary breeding ground, and data were not collected there during the SPLASH study.
Examination of logbooks from whaling ships in operation during the mid-19 th to early 20 th centuries revealed approximately 50 humpback whales were taken during February−May in the waters surrounding the Mariana Archipelago (inside the modern-day Guam/CNMI US exclusive economic zone [EEZ]) (Townsend 1935) . The occurrence of humpback whales around the Mariana Archipelago during the late 20 th and early 21 st centuries is known from incidental sightings (Eldredge 1991 , 2003 , Darling & Mori 1993 , R. K. Uyeyama unpubl. data), several acoustic detections and a single sighting during a 2007 shipboard cetacean survey (Fulling et al. 2011) (Fulling et al. 2011 ). There were 11 unique detections of humpback whale song (T. Norris et al. unpubl. data), one of which was localized and led to a sighting of a group of 8 non-calf whales at Marpi Reef, 18 km north of Saipan (Fulling et al. 2011) .
The previously documented presence of 'singers' and calves suggests that humpback whales are using the Mariana Archipelago as a breeding ground, but confirmation was needed that the whales were not simply transiting through the area. Given the location of the Mariana Archipelago in the WNP, humpback whales occurring there are assumed to be part of the WNP population; however, the population identity of these whales had not been established. This study used humpback whale encounters, behavioral observations, and photo-identification and gene tic data collected within the southern portion of the Mariana Archipelago to clarify the habitat use and population identity of the whales in this region. Determining the full extent of the range of WNP humpback whales and of links between breeding and feeding areas is necessary to enhance conservation and management actions for this endangered population.
MATERIALS AND METHODS

Surveys and humpback whale encounters
2.1.1. Data collection Non-systematic surveys for humpback whales were conducted by the Pacific Islands Fisheries Science Center (PIFSC) Cetacean Research Program in waters off the southern Mariana Islands of Saipan, Tinian, and Aguijan (see Fig. 2 ) during February and March 2015−2018 aboard a 12.2 m sport-fisher with a flying bridge and twin-diesel inboard engines. In total, 4−5 observers scanned for whales with unaided eyes, collectively searching 360° around the vessel. Whales that were sighted were approached for a group-size count, photo-identification, and biopsy sampling. Photographs were taken with telephoto zoom lenses mounted on digital SLR cameras, and an effort was made to photograph both left and right sides of the body and dorsal fin, as well as the ventral surface of the flukes, which is well-established as a photo-identification feature for humpback whales (Katona et al. 1979 , Smith et al. 1999 , Barlow et al. 2011 . Biopsy samples were collected using a Barnett RX-150 crossbow with Ceta-Dart bolts and sterilized stainless steel biopsy tips (40 mm long × 8 mm diameter). Additional data collected during each encounter included group location (latitude, longitude) and behavior, as well as the presence of calves and competitive groups. Competitive groups of humpback whales are rarely observed outside of known breeding grounds and consist of a nuclear animal, a female (with or without a calf) or a male, that is surrounded by a male principle escort and other (secondary) escorts that compete, sometimes aggressively, for proximity to the nuclear animal (Tyack & Whitehead 1983 , Clapham et al. 1992 . Competitive behaviors include broadside displays, underwater exhalations, head lunges (with throat expansion), physical displacement, charge-strikes, and fluke thrashes (Tyack & Whitehead 1983 , Baker & Herman 1984 . The occurrence of such behaviors was recorded to identify competitive groups. Environmental data (e.g. Beaufort Sea State, swell height) and effort status were recorded regularly as conditions changed. The vessel's track was automatically recorded at 1 min intervals using a handheld GPS.
Spatial data processing
For visualization and summary of spatial data, bathy metric data sets of varying resolutions were used, which included high-resolution, multi-beam color-shaded bathymetry for nearshore waters from the Pacific Islands Benthic Habitat Mapping Center (School of Ocean and Earth Science and Technology, University of Hawai'i at Manoa; www. soest. hawaii. edu/ pibhmc/cms/data-by-location/cnmi). A Global Multi-Resolution Topography (Marine Geoscience Data System www.marine-geo.org/portals/gmrt; Ryan et al. 2009 ) custom bathymetric grid encompassing the US EEZs of CNMI and Guam was referenced for offshore areas not covered by the other data sets. All bathymetric data sets were processed using ArcCatalog 10.3 (ESRI). The ASCII files were first converted into raster grids, projected in the World Geodetic System (WGS) 1984 Universal Trans Mercator (UTM) Zone 55N coordinate system and imported into ArcMap 10.3 (ESRI).
Vessel GPS tracks and encounter locations were also processed in ArcCatalog 10.3, projected in the WGS 1984 UTM Zone 55N coordinate system, and overlaid onto the bathymetric data sets within ArcMap 10.3. Depths of humpback whale encounter and on-effort trackline locations were determined by extracting the depth values from the highest resolution bathymetry data set available. The search effort was then summarized in depth bins of 200 m intervals. In addition, the distances from the closest shoreline for each encounter location were determined.
Photo-identification
Humpback whale photos collected during the PIFSC effort were compared to those collected during the 2007 MISTCS sighting and then combined to form the first Mariana Archipelago humpback whale photo-identification catalog. Each individual in the catalog is represented by the highest quality photograph available for each available aspect (right and left sides of dorsal fin and ventral fluke surface).
To investigate the migratory connections of Mariana Archipelago humpback whales to other locations in the North Pacific, fluke images from the Mariana Archipelago photo-identification catalog were compared to the SPLASH catalog (www.splashcatalog. org; managed by Cascadia Research Collective), which contains 7931 individuals photographed between 2004 and 2006 at all known North Pacific summer feeding and winter breeding locations (Barlow et al. 2011) (Fig. 1) . Additionally, the Mariana Archipelago catalog was shared with organizations studying humpback whales on known breeding and feeding grounds of the WNP for comparison of flukes within the catalog of each organization (Table 1) .
Genetics
2.3.1. DNA extraction, mitochondrial DNA sequencing, and microsatellite genotyping Total genomic DNA was extracted from skin biopsy samples using standard proteinase K digestion and phenol/chloroform methods (Sambrook et al. 1989) as modified by Baker et al. (1994) for small samples. Following Baker et al. (2013) , an approximate 800 bp fragment of the mtDNA control region was amplified with the forward primer M13Dlp1.5 and reverse primer Dlp8G (Dalebout et al. 2004 ) under standard conditions. Also following Baker et al. (2013) , control region sequences were edited and trimmed to a 500 bp consensus region in Sequencher v.4.6, and unique haplotypes were aligned with previously published haplotypes downloaded from GenBank ® .
A standardized set of 10 microsatellite loci was also amplified for each sample using previously published conditions (Baker et al. 2013 ). These included the following loci: EV14, EV37, EV96 (Valsecchi & Amos 1996) ; GATA28, GATA417 (Palsbøll et al. 1997 ); rw31, rw4-10, rw48 (Waldick et al. 1999) ; and GT211, GT23, GT575 (Bérubé et al. 2000) . Microsatellite loci were individually amplified in 10 µl reactions and co-loaded in 2 sets for automated sizing on an ABI 3730xl (Applied Biosystems) DNA analyzer. Using Genemapper v.4.0 (Applied Biosystems), microsatellite alleles were sized and binned, then all peaks were visually inspected.
Sex and individual identification
Sex was determined using multiplex polymerase chain reaction with primers P1-5EZ and P2-3EZ to am pli fy a 443−445 bp region on the X chromosome (Aasen & Medrano 1990) and primers Y53-3C and Y53-3D to amplify a 224 bp region on the Y chromosome (Gilson et al. 1998) .
The multi-locus genotypes were analyzed using CERVUS v.3.0.3 to identify individual whales (Marshall et al. 1998) . As a precaution against false exclusion due to allelic dropout and other genotyping errors, initial mismatches of up to 3 loci were allowed (Waits & Leberg 2000 , Waits et al. 2001 . For mismatching loci, electropherograms were reviewed and corrected or repeated. A final 'DNA profile' for each sample included 10 microsatellite genotypes, sex, and mtDNA control region sequence or haplotype. The expected probability of identity (P ID ) for a given number of loci was calculated with GenAlex (Peakall & Smouse 2006) . The P ID reflects the probability of a pair of individuals sharing a multi-locus genotype by chance, given the frequency of alleles at each microsatellite locus. This probability is typically very low for the 10 microsatellite loci chosen in this study, providing confidence in the identification of individuals (Baker et al. 2013) .
For matching of individual genotypes, there is a large 'DNA register' that includes mtDNA haplotypes, sex, and microsatellite genotypes at 10 loci, sufficient for individual identification of 1805 individuals biopsy-sampled in all North Pacific breeding and feeding grounds included in the SPLASH study (Baker et al. 2013) . Consequently, microsatellite geno types can be used to search for recaptures of individuals represented in the DNA register.
Mitochondrial DNA and population differentiation
The mtDNA haplotypes of sampled Mariana Archipelago humpback whales were used for comparisons to haplotype frequencies from regions of the North Pacific represented in the SPLASH DNA register. Estimates of haplotype diversity (with standard deviations) and tests of differentiation in mtDNA haplo- (2016) , differences in haplotype diversity were tested using a permutation procedure (Alexander 2017) in the program R (R Core Team 2018).
To better understand the connections between the Mariana Archipelago and feeding grounds in the WNP, tests of differentiation in mtDNA haplotype frequencies were conducted with data available in a published study of humpback whales sampled in the Russian Far East that found evidence of fine-scale differentiation between the Karaginsky Gulf (off the northeastern coast of the Kamchatka Peninsula) and the Commander Islands (Richard et al. 2018) . The tests of differentiation included haplotypes of 68 whales from the Karaginsky Gulf and 102 whales from the Commander Islands sampled between 2004 and 2016, including whales sampled during the SPLASH study (Baker et al. 2013) . Although the reported haplotypes from the Russian Far East were standardized to those reported in Baker et al. (2013) , the length of the sequence used by Richard et al. (2018) was slightly shorter (472 vs. 500 bp). This shorter length failed to resolve the difference between 2 common haplotypes in the North Pacific, A− and A+. Consequently, for comparison involving the data reported by Richard et al. (2018) , these 2 haplotypes were pooled into a single 'A' haplotype. on areas of shallow water, primarily ≤200 m (62% of on-effort time). There were 39 encounters with hump back whales (excluding within-day re-sights) during which 17 890 photographs and 29 biopsy samples were collected (Table S1 in the Supplement at www. int-res. com/ articles/ suppl/ n041 p091 _ supp. pdf). Most (n = 30; 77%) of the humpback whale encounters were located on 2 offshore reefs (Marpi Reef and Chalan Kanoa [CK] Reef) (Fig. 2B) . Most (n = 34; 87%) of the encounter location depths were <100 m and more than half (n = 21; 54%) were < 50 m. There were 22 encounters with mother−calf pairs, and most (n = 14; 64%) of these encounters occurred at depths < 50 m. A total of 14 mother−calf pairs and 27 other non-calf whales were observed across all years. All calves were categorized as young-of-the-year (i.e. those born within the current season) based on relative body size; 1 neonate with pale skin color and visible fetal lines (Faria et al. 2013 ) was encountered in 2016 ( Fig. S1 ). Two fe males sighted with calves in 2015 were observed again with calves in 2018 ( Table  2) . One female was observed in 2016 with a calf and was re-sighted in 2017 without a calf. Competitive groups (n = 5) were encountered in 2017 and 2018.
RESULTS
Surveys and humpback whale encounters
Photo-identification
A total of 41 non-calf humpback whales were identified during the PIFSC 2015−2018 surveys. Right side of dorsal fin, left side of dorsal fin, and ventral fluke photographs are available for 40, 38, and 31 individuals, respectively. The 31 PIFSC fluke catalog images were compared to fluke images taken of 4 of the 8 non-calf whales sighted during the 2007 MISTCS encounter on Marpi Reef (Fulling et al. 2011) . One MISTCS individual matched a female photographed with her calf in nearshore waters off the west side of Saipan in 2016, and one matched a male photographed on CK Reef in 2017. PIFSC and MISTCS photographs were combined to form the Mariana Archipelago humpback whale photo-identification catalog of 43 non-calves represented by 33 fluke images. In total, 7 individuals were photographed in the Mariana Archipelago in multiple years (4 females, 3 males) ( Table 2) .
A total of 11 individuals (4 males, 3 females, and 4 whales of unknown sex) from the Mariana Archipelago humpback whale photo-identification catalog were matched by their flukes to individuals from 4 other WNP catalogs from Ogasawara, Okinawa, Philippines, and Russia (Table 3) . Three of the individuals were matched to multiple catalogs: 2 were males that had been previously encountered in Ogasawara (one was encountered off Okinawa while the other was encountered in the Philippines and the Commander Islands); the third individual was of unknown sex and had been previously encountered off Okinawa and the Commander Islands. Five other Mariana Archipelago humpback whales (3 females, 2 unknowns) were encountered in Ogasawara. All 3 females were observed with calves in multiple years, and 2 of these whales were with calves in the Mariana Archipelago. The 2 whales of unknown sex were each encountered in Ogasawara and the Mariana Archipelago only once. Lastly, 2 Mariana Archipelago males were encountered off Okinawa, and 1 individual of unknown sex was encountered in the Commander Islands. No matches were found in the Ogasawara Whale Watching Association (OWWA)'s catalog from Ogasawara, and no additional matches were found to any other known breeding or feeding areas covered by the SPLASH catalog.
Genetics
A total of 29 biopsy samples were collected from humpback whales in the Mariana Archipelago during the PIFSC surveys: 4 in 2015, 5 in 2016, 14 in 2017, and 6 in 2018 (Table S1 ). One sample from 2017 was too small to yield an adequate profile and was not considered further. The remaining 28 samples were of sufficient quality to provide a standard DNA profile, including mtDNA haplotype sequencing, microsatellite genotyping at a minimum of 9 loci, and sex identification. From these, genotype matching identified 24 individuals (14 females, 10 males) collected from 2015−2018. Based on a minimum of 9 microsatellite loci, the P ID for the genotyped samples ranged from 1.9 × 10 −6 to 1.9 × 10 −10
, confirming that the probability Table 2 ). The remaining 2 recaptures were within-year matches, so no additional between-year matches were identified.
The DNA profiles of the 24 individuals were compared to the SPLASH data set as reported in Baker et al. (2013) . This comparison revealed 1 genotype recapture of a female (MIMn-017) sampled in the Mariana Archipelago in 2016 and previously in the Ogasawara Archipelago in 2004. However, this whale was also photographed by the Ogasawara Marine Center (OMC) off Ogasawara in 2004 (Table 4) ; thus, no additional matches were made from the comparison of DNA profiles.
The mtDNA sequences of the 24 individuals resolved 7 haplotypes from the consensus region of 500 bp: A−, A+, A3, E1, E5, E6, and F2 (Table S2 ). All haplotypes had been previously described in North Pacific humpback whales (Baker et al. 2013) and so are in the public domain and archived in GenBank (Benson et al. 2013) .
Compared to the mtDNA haplotype diversity of humpback whale samples from each of the WNP breeding areas reported previously from the SPLASH program (Baker et al. 2013) , the haplotype diversity of Mariana Archipelago humpback whale samples (h = 0.837, SD = 0.040) was similar to those from Ogasawara (h = 0.865, SD = 0.014, p = 0.532), but significantly higher than those from Okinawa (h = 0.655, SD = 0.059, p < 0.001) and the Philippines (h = 0.628, SD = 0.143, p = 0.008) (Table S3 ). For the other North Pacific humpback whale breeding areas sampled during SPLASH, the Mariana Archipelago had a significantly higher haplotype diversity than Hawai'i (h = 0.718, SD = 0.018, p = 0.008) but was similar to those from Mexico and Central America (Table S3) .
In pairwise tests of differentiation, the mtDNA haplotype frequencies of Mariana Archipelago samples differed significantly (p < 0.05) from 4 of the 8 breeding grounds (Philippines, Okinawa, Hawai'i, and Central America) and 5 of 10 feeding grounds (Bering, northern Gulf of Alaska, southeast Alaska, northern British Columbia, and (2000) 12RUCO970 (2012) MIMn-037 (2017) M (genetics) R-1059 (2010) MIMn-041 (2017) F (mother) O-455 (1993; 1995; 1997; 2006-m; 2008-m; 2009-m) MIMn-046 (2017-m) F (genetics) O-587 (1995-j; 2000; 2001; 2003; 2005-m) MIMn-052 (2018) M (genetics) O-1486 (2007) PH044 (2003) 10RUCO419 ( California/Oregon) sampled in SPLASH (Table 4 , Fig. 1 ). In the WNP, there was no significant difference in mtDNA haplotype frequencies of Mariana Archipelago samples and those from feeding grounds off Russia (combined during SPLASH) and the western Aleutians (where sample size was low) or those from the Ogasawara breeding ground. After combining the A+ and A− haplotypes, tests of differentiation were conducted between the North Pacific breeding grounds and both the Karaginsky Gulf and the Commander Islands feeding grounds. Results showed strong differentiation of the Karaginsky Gulf from the Mariana Archipelago and all other breeding grounds, except the Philippines (represented by a small sample size) ( Table 5 , Figs. 1 & S2) . The Commander Islands showed significant differentiation from all other breeding grounds of the WNP, but showed near identity (i.e. F ST = 0.000) with the Mariana Archipelago.
DISCUSSION
This study provides evidence that the Mariana Archipelago, located in the WNP, serves as a breeding ground for humpback whales. Competitive groups and very young calves, including a neonate, were ob served in multiple years off Saipan, suggesting that humpback whales are mating and calving there. All but 4 encounter locations had water depths < 200 m, which is characteristic of humpback whale breeding habitat (Frankel et al. 1995 , Craig & Herman 2000 , within which mothers and calves are typically found in depths of 50 m or less (Ersts & Rosenbaum 2003 , Ras mussen et al. 2012 . During this study, more than half of the encounter locations with mother−calf pairs were inside of the 50 m depth contour. Non-calf individuals demonstrated site fidelity by returning to Saipan in multiple years, including females associated with calves in one or more years.
Although the SPLASH study focused on all of the known breeding and feeding grounds of humpback whales in the North Table 5 . Pairwise tests of differentiation of mtDNA haplotype frequencies between feeding grounds in the Russian Far East and breeding grounds as defined in the Structure of Populations, Levels of Abundance, and Status of Humpbacks study (SPLASH; Baker et al. 2013) , with the inclusion of the Mariana Archipelago (Fig. 1) . Note that haplotypes A− and A+ have been pooled to allow comparison of data from Baker et al. (2013) and Richard et al. (2018 Pacific, results suggested that there may be an unknown breeding area in the WNP (Baker et al. 2013 , Bettridge et al. 2015 . In addition, significant differentiation in mtDNA haplotype frequencies between Ogasawara and both Okinawa (F ST = 0.059, p < 0.001) and the Philippines (F ST = 0.068, p < 0.01) (Baker et al. 2013) led to the conclusion that there are likely 2 WNP breeding populations that overlap or mix in Ogasawara; one that winters in Okinawa and the Philippines and a second that winters in an unknown area(s) (Bettridge et al. 2015) .
Photo-identification and genetic data suggest that Mariana Archipelago humpback whales are part of the WNP population. One-third (n = 11) of the Mariana Archipelago individuals with fluke images were photographed on known WNP humpback whale breeding (Ogasawara, Okinawa, Philippines) and feeding (Commander Islands) grounds. Most of the matched individuals (n = 7) were seen off Ogasawara, which is just north of the Mariana Archipelago and may serve as a migratory corridor for the whales on their way north to feeding grounds. The low differentiation in mtDNA haplotype frequencies (F ST = 0.002, p = 0.351) and similar haplotype diversity of the Mariana Archipelago (h = 0.837, SD = 0.040) and Ogasawara (h = 0.865, SD = 0.014, p = 0.532) suggest there is high interchange between locations. The haplotype diversity in Mariana Archipelago humpback whales was significantly higher than the SPLASH samples from Okinawa (h = 0.655, SD = 0.059, p < 0.001) and the Philippines (h = 0.628, SD = 0.143, p = 0.008), and there is significant differentiation in humpback whale mtDNA haplotype frequencies from the Mariana Archipelago and both Okinawa (F ST = 0.066, p < 0.01; h = 0.655, SD = 0.059, p < 0.001) and the Philippines (F ST = 0.078, p < 0.05; h = 0.628, SD = 0.143, p = 0.008), as was found with Ogasawara and the breeding grounds off Okinawa and the Philippines during the SPLASH study (Baker et al. 2013) . This further supports the suggestion that there are 2 WNP breeding populations, but more genetic data from the Mariana Archipelago and the Philippines are needed.
Although there were documented movements of individuals between all of the WNP breeding areas, including the Mariana Archipelago, it is possible that some were temporary explorations that were reproductively unsuccessful and had no effect on gene flow (Slatkin 1987 , Baker et al. 2013 . A small number of humpback whales have moved between Hawai'i and the WNP breeding areas in different years (multiple years in some cases; Darling & Cerchio 1993 , Salden et al. 1999 , Calambokidis et al. 2001 however, Baker et al. (2013) found strong genetic differentiation between these breeding regions. In addition, the haplotype diversity in Mariana Archipelago humpback whales was significantly higher than the SPLASH samples from Hawai'i, and there was strong differentiation in the mtDNA haplotype frequencies between these breeding locations.
The comparison of Mariana Archipelago mtDNA haplotype frequencies to other North Pacific breeding grounds resulted in low F ST values for all 3 Mexican breeding grounds. Baker et al. (2013) found significant differentiation between the mtDNA haplotype frequencies of the Mexican breeding grounds and all other North Pacific breeding grounds including Ogasawara. There have been no documented movements between Mexican and WNP breeding grounds, but Titova et al. (2018) found 11 photo-identification matches between the Commander Islands feeding grounds and the 3 Mexican breeding grounds. Clark & Clapham (2004) suggested that mating may occur in small numbers on feeding grounds or during migration based on the combined evidence from recordings made of continual singing on a humpback whale feeding ground off Cape Cod, Massachusetts, in late May to early June 2000 and that of aseasonal conceptions (i.e. outliers in expected foetal lengths) from whaling data. Interchange on the Commander Islands feeding ground or during migration could explain some of the connection between the Mariana Archipelago and the Mexican breeding grounds, but unlikely all. A larger sample size from the Mariana Archipelago may help elucidate this question.
For migratory baleen whales, maternal fidelity to breeding and feeding grounds is thought to influence the observed differences in mtDNA haplotype frequencies among those areas (Baker et al. 2013 ). Similarities in haplotype frequencies between breeding and feeding areas in the SPLASH study reflected known migratory connections (Baker et al. 2013) . There is no distinction between the mtDNA haplotype frequencies of the humpback whales sampled in the Mariana Archipelago and Commander Islands (F ST = 0.000) and a significant differentiation between the Mariana Archipelago and Karaginsky Gulf (F ST = 0.114, p < 0.01). Thus, genetic comparisons of the Mariana Archipelago with the recent surveys of feeding grounds from the Russian Far East support a close (although not exclusive) connection with the Commander Islands and an abrupt boundary with feeding grounds from the east coast of the Kamchatka Peninsula (i.e. Karaginsky Gulf) (Richard et al. 2018 ). There are weaker connections between Ogasawara and both the Commander Islands (F ST = 0.042, p < 0.001) and Karaginsky Gulf (F ST = 0.083, p < 0.001). During the SPLASH study, photo-identification matches were made between Ogasawara and several North Pacific feeding grounds, including the Karaginsky Gulf, Commander Islands, Aleutian Island/Bering Sea area, and the Gulf of Alaska (Barlow et al. 2011) ; however, comparisons of mtDNA haplo type frequencies from Ogasawara with all North Pacific feeding areas showed strong differentiation (Baker et al. 2013) . No photo-identification matches were found between the Mariana Archipelago humpback whale catalog and any of the feeding grounds within the SPLASH catalog; however, comparisons of mtDNA haplotype frequencies suggest strong connections between the Mariana Archipelago and the pooled Russia sample locations (F ST = 0.000), western Gulf of Alaska (F ST = 0.000), and western Aleutians (F ST = 0.000) and slightly weaker connections to the eastern Aleutians (F ST = 0.020) and southern British Columbia/Washington (F ST = 0.025). Additional photo and biopsy effort in these regions, where sample sizes were low, could better establish links to the Mariana Archipelago.
While the spatial and temporal extent of the present study was narrow and the number of individual whales encountered was small, it is clear that the waters off Saipan in the Mariana Archipelago are part of a breeding ground for WNP humpback whales. The Mariana Archipelago may represent a 'missing' breeding area that had been hypothesized in previous studies, even though the number of individuals encountered during this study was small and does not represent the total number of 'missing' individuals from the Russian, eastern Aleutian, and Bering Sea feeding grounds (Barlow et al. 2011 , Tito va et al. 2018 . Future surveys are needed of other shallow water (≤200 m depth) locations within the Mariana Archipelago, including those where humpback whales have previously been seen (e.g. Guam, Rota, Farallon de Medinilla, Pagan) to determine the spatial extent of the Mariana Archipelago breeding ground and how many whales it supports. Thomas et al. (2016) assessed the status of baleen whales worldwide and concluded that humpback whales in the WNP had the 'greatest need of assessment'. SPLASH abundance estimates for humpback whales from the WNP were low (approximately 1000 ind.) and below historical levels based on back-calculating abundance from the number of whales taken in the region (Muto et al. 2018 ). In addition, reports provided to the International Whaling Commission indicated an increase in the number of humpback whales in the WNP taken incidentally in fisheries of Japan, where products from these whales can be sold commercially (Baker et al. 2000 , Thomas et al. 2016 . Other potential threats to WNP humpback whales include vessel strikes, vessel noise, and naval sonar (Miller et al. 2000 , Sivle et al. 2016 , Thomas et al. 2016 , Tsujii et al. 2018 .
Given their endangered status, knowledge about the breeding grounds and population identity of WNP humpback whales is critical to planning for their recovery. The Mariana Archipelago should be considered in continued efforts to assess the population status of humpback whales in the WNP, as well as in plans to recover this endangered population. This is particularly important if it is confirmed that the humpback whales in the Mariana Archipelago are part of a separate WNP breeding population.
